ABSTRACT: A novel rotator trap was evaluated to determine the diel activity patterns and physiological state of adult female mosquitoes in St. Augustine, FL, U.S.A. Culex nigripalpus were most active from 19:00-21:00, followed by 1:00-3:00, based on collections from the novel rotator trap. Furthermore, analysis of the physiological state of female mosquitoes collected by the novel rotator trap suggested that non-parous (nulliparous) host-seeking mosquitoes were more frequently active in the 21:00-23:00 and 09:00-19:00 time frames. Parous host-seeking mosquitoes were more frequently collected from 19:00-21:00 and 1:00-3:00. A low abundance of gravid females was collected by the rotator trap, so analysis of their activity periods was inconclusive. These results indicate that the novel rotated trap could be used to detect the diel activity patterns of adult mosquitoes in mosquito control programs and more testing should be conducted in the future. Journal of Vector Ecology 44 (1): 149-153. 2019.
INTRODUCTION
Mosquitoes are a major public health concern because they vector agents that cause important diseases such as Zika, dengue, chikungunya, yellow fever, West Nile, and malaria. The activity patterns of mosquitoes play a large role in the transmission of mosquito-borne diseases (Leming et al. 2014 , Ryan et al. 2017 , Jayakrishnan et al. 2018 ). Due to ethical and biosafety concerns for the protection of personnel involved in the sampling of mosquito vectors in disease-endemic zones, alternative methods are being developed to replace the technique that uses humans as bait during field entomological surveillance (Veronesi et al. 2012 , Casas-Martinez et al. 2013 . Developing new mosquito surveillance tools and increasing our understanding of host-seeking diel activity patterns could improve operational spray plans. For example, a new tent trap was designed to monitor the daily activity of Aedes aegypti and Ae. albopictus and was found to be an ideal mosquito surveillance tool for epidemiological risk assessments of mosquito-borne diseases (Casas-Martinez et al. 2013) . Smith et al. (2018) used a mechanical rotator trap to assess the diel activity patterns of Ae. aegypti in St. Augustine, FL. Newer mechanical rotator trap designs with two more intervals for collection could help refine the diel activity patterns of mosquitoes in different physiological states. This study tested an updated rotator trap and used it to assess the diel activity patterns and physiological state of adult female mosquitoes in northeastern Florida, U.S.A.
MATERIALS AND METHODS
Two separate study sites were chosen in the St.
Augustine area based on their high mosquito activity and the availability of a large body of surveillance data collected by the Anastasia Mosquito Control District of St. Johns County (AMCD). The sites used for testing the trap were Site 1 (St. Ambrose Church, 29°46'44.2"N 81°28'08.5"W) and Site 2 (Elkton, 29°47'58.2"N 81°27'02.4"W). Each site had ideal habitats for different mosquito species, including used tire piles, containers, bromeliads, shaded areas, trees, bushes, tall grass, and other vegetation. These two sites are sparsely populated, which meant light pollution may have been less of a factor than if it was tested in a more urban setting. For this study, two novel 12-bottle rotator traps (American LangRay Company, San Francisco, CA) were used each time. Each trap had 12 jars that were set to rotate every two hours for a total of 24 h for each collection. For each test, the trap was programmed to begin collecting mosquitoes at 13:00 every time. It was baited with BG-Lure™ cartridge (BioGents AG, Regensburg, Germany) and CO 2 from dry ice. The dry ice was contained in a 4-liter cooler (5 kg for 24 h) with holes to facilitate the adequate release of CO2, and the coolers were placed adjacent to the trap. The collection cups of the trap were about 0.5 m above the ground. The experiments were conducted from the middle of August to the middle of October, 2018. The air temperature at both testing sites was 24-32° C and the direction and speed of wind were SW under 5 km/h during the period of 24-h collection. The technical specifications and placement of the novel rotator trap are shown in Figure 1 and Table 1 .
After 24 h, the traps were collected and the mosquitoes were identified using taxonomic keys. Species diversity and abundance per each two-h interval were recorded. Mosquito females were then dissected under a microscope to separate gravid, nulliparous, and parous females, based on the orientation of trachea on the ovaries and the state of follicular development (Detinova 1962 ). All statistical analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL, U.S.A.). The mean counts of each mosquito species for each time period were analyzed using a one-way ANOVA with a Brown-Forsythe test. Further comparison between each two time periods were made using an LSD-test. All tests were two-sided, and a p-value <0.05 was considered statistically significant.
RESULTS

Diel activity patterns of adult female mosquitoes
We collected a total of 375 mosquitoes (only three male Aedes albopictus). The most abundant species in the study area was Culex nigripalpus Theobald (40.4%), followed by Ae. atlanticus Dyar & Knab (23.5%), Psorophora columbiae Dyar & Knab (9.6%), Cx. quinquefasciatus Say (8.5%), Ae. infirmatus Dyar & Knab (8.0%), Ae. albopictus Skuse (6.7%), and other species (3.7%, included Ae. vexans, Ps. ciliata, and Anopheles quadrimaculatus). Total mosquito abundance differed significantly between the 12 time periods (Table 2) , with the highest abundance of mosquitoes between 19:00-21:00 and 1:00-03:00 (Figure 2 ). For Cx. nigripalpus, there were significant differences between all 12 time-period groups (Table 2) , with the 19:00-21:00 time period being most significant followed by the 1:00-03:00 time period ( Figure  3 ). For the other mosquito species collected, Ae. atlanticus, Ps. columbiae, Cx. quinquefasciatus, Ae. infirmatus, and Ae. albopictus, the results showed no statistically significant differences between the 12 time-period groups (p> 0.05, Table 2 ).
Diel activity patterns of mosquito physiological state
Female mosquitoes (102) were dissected for this study to analyze parity rates among mosquitoes at different time points. The proportion and diversity of mosquito species dissected was as follows: Ps. columbiae (29.41%), Ae. atlanticus (28.43%), Ae. albopictus (19.61%), Cx. quinquefasciatus (15.68%), and Cx. nigripalpus (6.86%). The proportion of nulliparous, gravid, and parous mosquitoes were 76.47%, 3.92%, and 19.61%, respectively. Our analyses suggest that nulliparous mosquitoes were highly active from 21:00-23:00 and 09:00-19:00, while parous mosquitoes were highly active from 19:00-21:00 and 01:00-03:00. The number of gravid mosquitoes was very low (Figure 4 ).
DISCUSSION
Our data suggests that the rotator trap caught the highest abundance of mosquitoes from 19:00-21:00 and 01:00-03:00, and Cx. nigripalpus was the most abundant species collected. Also, there was a slight increase in mosquito abundance from 21:00-23:00 and 23:00 to 01:00. For the analysis of the physiological state of collected mosquitoes, the data was not suitable for statistical tests due to a low sample size. With that said, descriptive statistical analyses suggested that nulliparous host-seeking mosquitoes were more active in the periods of 21:00-23:00 and 09:00-19:00. Also, parous mosquitoes were more abundant in the 19:00-21:00 and 01:00-03:00 time periods. This study may have been improved if we increased the number of monitoring sites and the number of experiments at each site. Other ecological factors (described below) that could affect mosquito host-seeking behavior, such as human activity, weather, varying lunar phases, artificial light sources, etc., should be evaluated to conduct multi-factor correlation research in the future.
The data from this study is important to the St. Augustine community because it reveals specific time periods in which residents are at a higher risk of exposure to nulliparous hostseeking mosquitoes. This information should be disseminated to the public so they are made aware of their risks of mosquito arbovirus vectors in St. Augustine (Ajelli et al. 2017) . Little research has been conducted on the diel activity patterns of mosquitoes, especially at a two-h time-period resolution. Diel patterns of Ae. aegypti in St. Augustine corroborated the peak evening time frame of host-seeking activity occurring between the hours of 17:00-19:00 (Smith et al. 2018) .
Many variables affect the host-seeking behaviors and flight patterns of certain species of mosquitoes. Some factors such as temperature, light, rainfall, humidity, wind speed, day length, vegetation, and other ecological factors can affect the timing of adult female mosquito activities (Almeida and Gorla 1995 , Chadee and Martinez 2000 , Loetti et al. 2007 ). The two test sites were away from dense residential properties and artificial light sources due to abundances of mosquito activity. Many authors have found that temperature was the most relevant environmental parameter affecting the activity of adults of many mosquito species (Bidlingmayer 1985, Rivas et al. , Schrama et al. 2018 ). Lighting has also been shown to have an effect on the landing periodicity of mosquitoes (Farnesi et al. 2018 , Rivas et al. 2018 . The diel activity patterns in our study may have differences under different temperature and natural light conditions in St. Augustine. There were some advantages to the novel rotator trap compared to another mechanical rotator trap (PN1512.5, John W. Hock Company, Gainesville, FL) tested previously by Smith et al. 2018 . Each John Hock rotator trap had eight jars, of which six were set to rotate every 2 h for diel patterns, and therefore, two separate traps are required for 12 time intervals. This is in addition to the complex structure and heavy weight of the other rotator trap. In contrast, the novel rotator trap with 12 jars was enough for daily pattern studies, which allowed for the flexible adjustments of sampling time. The novel rotator trap was compact, light-weight, reasonably laid out and convenient to operate in the field. This new rotator trap could be a reliable and cost-effective tool for the systematic monitoring of different physiological states of adult mosquitoes in the field.
In summary, based on the evidence described above, we suggest the use of the novel rotator trap used in this study for the investigation of diurnal activity patterns of adult mosquitoes in geographic areas endemic with mosquitoborne pathogens. The data gathered using this trap should inform mosquito control operations personnel for the optimal time for insecticide spraying. Also, it could be used to inform residents when host-seeking mosquitoes are most active to facilitate personal protection against exposure to mosquito vectors.
